ABSTRACT. Fecal samples obtained from 600 household cats (244 males and 356 females) kept in 3 prefectures of Tohoku district in Japan were examined for Giardia intestinalis antigen, using a commercial enzyme-linked immunosorbent assay (ELISA) kit. G. intestinalis antigen was detected in 40% of the fecal specimens. The factors such as the age, life style or environmental condition of cats could be significantly related to the positive rate of G. intestinalis antigen. In contrast, the investigative district, appearance of feces, sex, breed or origin produced no significant difference in the positive rate. The present results suggest that G. intestinalis infection is widely spread in household cats of Tohoku district.
The pathogenic protozoa Giardia intestinalis is a ubiquitous parasite of cats and other mammals including humans and cause acute, chronic or intermittent diarrhea in some cases [6, 12, 17, 18] . Since the recent molecular biological evidences suggest that some isolates of G. intestinalis from cats have zoonotic potential [1, 11, 12, 18, 19] , a survey on the prevalence of G. intestinalis infections in household cats should be needed to prevent zoonotic transmission of the protozoa. However, only a few numbers of studies have been described on the G. intestinalis infections in household cats in Japan [13] [14] [15] 17] . The purpose of the present study was to determine the prevalence and epidemiologic background of G. intestinalis infections in household cats of Tohoku district in Japan.
Fecal samples were obtained from 600 household cats presented to 3 veterinary practitioners in Aomori (n=353), Akita (n=188) American Curl) with the age between 1 month and 22 years old. Fecal specimens were collected immediately after passed, grossly examined for their appearance (normal, soft, diarrhea) and stored at -20°C until analysis. G. intestinalisspecific antigen in fecal samples was detected by enzymelinked immunosorbent assay (ELISA) using a commercially available kit (RIDASCREEN® Giardia, R-Biopharm AG, Germany) according to the manufacture's instruction. The age (1-6 months old, 7 months-1 year old, 2-5 years old, over 6 years old), life style (indoors, indoors/outdoors, outdoors), environmental condition (urban, suburban), origin (private cat owner, pet shop/breeding cattery) were also recorded for the cats. The statistical significance of differences in the positive rates of G. intestinalis antigen was analyzed by Fisher's exact probability test. A p-value of < 0.05 was considered significant.
G. intestinalis antigen was detected in 240 (40%) fecal samples of cats from 1 month to 22 years old. Association between the positive rate of G. intestinalis antigen and profile data of the animals was shown in Table 1 . The positive rate of kitten from 1 to 6 months old (49%) was significantly (p<0.05) higher than that of over 6 years old (32%). In addition, the cats kept indoors (33%) had a significantly (p<0.05 or 0.01) lower prevalence than those kept indoors/outdoors (45%) or outdoors (53%). The environmental condition also related to the positive rate of Giardia: suburban cats (42%) had a significantly (p<0.05) higher prevalence than urban cats (29%). In contrast, the investigative district or the appearance of feces showed no significant difference in the positive rate. Differences in prevalence between the cats originated in private cat owner and in pet shop/breeding cattery and between males and females were also not significant. The breeds such as Persian (71%), Russian Blue (60%), Norwegian Forest cat (100%), Main Coon (100%) and American Curl (100%) revealed high prevalence of Giardia infections, although the number of animals examined was limited. When comparing the prevalence of Japanese domestic cat to that of pure breeds, there was no significant difference between them.
The present study suggested that G. intestinalis infection would be widely spread in household cats of Tohoku district, since the high positive rates for G. intestinalis antigen were recorded in three different prefectures of Tohoku. Saito et al. [13] [14] [15] previously reported the lower detection rates of G. intestinalis such as 0.8-1.7% in household cats in Hiroshima Prefecture, Japan, based on the results of conventional microscopic fecal examination (concentrated brine flotation technique). This contradiction is probably not due to the investigative district but due to the analyzing method to examine Giardia infection, because the ELISA kit used in the present study is more sensitive for detecting Giardia infection than the conventional microscopic techniques [4, 8, 16] . McGlade et al. [8] showed that the positive rates for G. intestinalis in 40 feline fecal samples were 5, 80 and 60% by means of microscopy (zinc sulfate flotation technique), polymerase chain reaction (PCR) and ELISA, respectively.
The detection of G. intestinalis antigen showed no relation to fecal appearances in the present study. Furthermore, 90% (217/240) of the cats those were positive for G. intestinalis antigen had no diarrhea. Sugano et al. [17] also reported that some of the cats infected with Giardia had no diarrhea. The cats that are positive for Giardia and develop no clinical symptoms will play an important role for the transmission of Giardia as carrier. There was no difference in positive rate between the cats originated from private cat owner and from pet shop/breeding cattery, although the examined number of cats from pet shop/breeding cattery was limited. The previous studies in dogs have been demonstrated that the pet shop/breeding kennel provides the chance for Giardia infection [3] [4] [5] . On the other hand, the present study suggests that the pet shop/breeding cattery seems to be not essential for Giardia infection in cats. Further investigation is needed to evaluate the transmission of Giardia in pet shop/breeding cattery, because the sample size from pet shop/breeding cattery was small in the present study.
The positive rate of G. intestinalis antigen in cats aged 1 to 6 months old was significantly higher than that in adults over 6 years old. The dogs and cats less than 1 year of age are more likely to be infected with Giardia than older animals because of the immaturity in their immune system [6] . The significantly lower prevalence was recorded in cats kept indoors compared to those kept indoors/outdoors and outdoors. The cats kept indoors will have less opportunity to ingest Giardia cysts from the environment.
Difference in positive rates of G. intestinalis antigen between urban cats and suburban cats is probably associated with their life style. Because 78% (72/92) of urban cats were kept indoors with less chance of Giardia infection, while 51% (259/508) of suburban cats were kept indoors. In dogs, the high percentage infection of G. intestinalis is recognized in animals aged 1-6 months old, kept indoors and from pet shop/breeding kennel [3, 4] . In contrast, the high level infection was recorded in cats of all ages, kept indoors/ outdoors and outdoors. Furthermore, the suburban cats showed higher G. intestinalis infection. The results of present study suggest that the field contamination with Giardia cysts would play an important role in G. intestinalis infection in household cats. Although some of the breeds showed high prevalence, no difference between Japanese domestic cats and pure breeds supports the findings that breed-related resistance or susceptibility to Giardia has been unknown [6] . G. intestinalis is divided into several genotypes, and at least 6 genotypes (Assemblage A, B, C, D, E and F) have been isolated from cats [1, 2, 7-11, 18, 19] . Itagaki et al. [2] recently reported that 3 Giardia isolates from cats in Japan were entirely Assemblage F, which appears to be specific for cats. However, the possibility of zoonotic transmission of G. intestinalis from cats to humans will be undeniable, because Assemblage A and B, which have zoonotic potential [9-12, 18, 19] , have been often reported in cats of overseas [1, 11, 12, 18, 19] . Further studies on genotyping will be necessary to confirm the zoonotic potential of G. intestinalis isolated from household cats in Japan.
